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15 Claims. 
The present invention relates fo the  art includ- 
ing superheterodyne radio rêceivers and fre- 
¢uency changers especially adapted for use with 
ultra-high and super-high frequency waves in 
the portion of the frequency spectrum above 300 
megacycles per second, usually termed the micro- 
wave region. The present application is a divi- 
sion of parent application Serial NO. 416,170, filed 
October 23, 1941, now Patent No. 2,425,738. 
In conventional rèceivers, including th0se of 
-the microwave type, if is customary-fo use a 
superheterodyne arrangement in which the  re- 
ceived wave is heterodyned against a local oscil- 
lator wave fo produce an intermediate frequency 
wave whose frequency is equal fo the difference 
between the frequencies of the received and local 
oscillator waves. For microwave receivers this 
necessitates the generation of a local  oscillator 
wave differing in frequency relatively slightly 
from the received wave and yet having good fre- 
quency stability in order that the intermediate ' 
frequency shall hot vary too widely. 
As discussed in the above-mentionëd parent 
application a desirable method for. producing 
the local oscillator frequency is fo generate a 
stabilized lower frequency (such as by a Crystal- 
controlled oscillator) and fo multiPly this lower 
frequency by successive stages-fo reach the 
desired microwave frequency. In the prior art, 
this has necessitated the usé of a microwave ire- 
quency multiplier for the last multiplication step, 
in addition fo and separate from the tuned 
microwave mixer for heterodyning the resultant 
local oscillator wave with the received wave. 
According fo the present invéntion, such 
receiver or frequency changer systems are greatly 
 simplified by the use of a single structure Serving 
simultaneously as the microwave frequency mul- 
tiplier and as a mixer, thereby reducingthe num- 
ber of. resonant circuits or cavity resonators in 
the system. 
Accordingly, if is an object of the .present in- 
vention fo provide simplified receiver or fre- 
quency changer apparatussuitable for use with 
microwave frequencies. - 
If is another object of the present invention fo 
provide improved apparatus of the above men- 
tioned type in which the functions of frequency 
multiplier and detector .or .mixer are combined. 
Other objects and advantages will become 
apparent from the following speciflcation taken 
in connection with the accompanying single fig- 
ure of drawing, which is a schematic representa- 
tion of an electron dischargé deVice and circuit 
therefor embodying the principles of the present 
invention. 

Referring fo the single shee, of:drawing, there 
is shown a heterocyne type receive including an 
Jelectron discharge device83 having three cavity 
resonators 81, 82 and 3 successively traversed by 
5 an electron stream from a cathode 21 under the 
influence of an accelerating voltage source 23 
connected between cathode 88 and the resona- 
tors. Res0nator 3 I is coupleci tO a source of rela- 
tively low fundamental frequènc.y energy (for 
10 example,about 300megàcycles'per second) which 
 it-is desired t0 multiply to poduce le local oscil- 
:lator wave .(which"may have a frequency near 
3000 megacycles per second,'"f0r I example, this 
resonator 31 being uned t0.this'lower frequency. 
1 Res0nator'32,"ëaiated f0inreonator 31 by 
drift: tube 3 §, is. Coupled to. the source' 0f energy 
which if is deSired to bëat agàinst hd local oscil- 
latorr WaVè hi Sourcé being h0wn illustratively 
as an antenn2;'-Resonáor 32 is-selective or 
20 resonánt boadly en0ugh o be. exciteï to-oscilla- 
tion both at frequency-] of.. the rceived waveand 
t the-desired multiple-'ori.haïnonic 7/o of the 
fundamentál-frequency 0 suPplied to reonator 
31. n thïs way, resonatos 31 anci'32 operate as 
2 a frequency multipliér t9 .producé oscillations of 
.freqfiency 0 in res0nat0r 3L-upon  wh îch oscil- 
lations are Sïperposed £he oscillations of.reCeived 
freCluency  derived from antenna 2 or other 
source used in place .thereof.  Resonator 3 is 
so -tuned in the saine manner aS.res0nator 32 and 
provides a stage of amplification for 'both waves 
of:frequencies  and ó. 
 Located in tie path of the electron stream 
beyond resonator 3 is a detector structure hav- 
35 ing a pair of slanted grids 4 maintained at a 
. potential near that of cathode 21 by their con- 
nection fo a suitable tap on  accelerating volt- 
age source 23 and a.plate or detector electrode 
.48 located in the stream path beyond grids . 
40 .Plate 48 is coupled fo a tuned circuit 41 tuned 
.., .tò the_desired intermediate zequency, which in 
 ,this case is equal to. the difference ,.between the 
received frequencY-].,and he multiple. o of. he 
fundamental frequency input o. :he  slanted 
4 grids act.to deflect lower-velocity electrons from 
their path generally along the:.tube._axis and to 
collect a considerable percentage of such 'elec- 
-trons. The higher.elocity electrons, proceed 
through grids 4.with substantially less defiec- 
50 .tion or path bending and imPinge:upon-plate 
.. -or collector electrode,.. 48 to.be c011ected there.- 
bY. The elements 4:'and 45 thus cooperate as 
a sensitive elecron velocity-discriminator-sys- 
rem, with non-linear esponsiveness to the elec- 
55 tron beam- as a unction_ 0f.:. e!ectron velocity. 
hen oPerateat grund p0teçial or af a nega - 



tire bias voltage, plate 45 Itself performs as a 
non-linear velocity discriminator, but with less 
sensitivity and sharpness of velocity selectivity 
than when used in conjunction with the biased 
slanted grids 47. 
As the electron velocity in the stream beYord 

generated electromagnetic wave fo the other of 
said resonators, and means for detecting the re- 
sultant velocity variations of said.beam, wherein 
an intermediate frequency output may be derived 
5 from said detëing means.. 
2. Apparatus as in claire 1 wherein said means 

resonator 3T varies as the resultant of a sub ..... for applying a locally generated wave includes a 
stantial velocity modulation component at fr- coupling loop. 
quency n/o and a generally weaker.vel0city ni0d .. 3..A receiver as in claire 1 wherein one of said 
ulation comportent at frequency /, the vel0di-i0-:esonators bas a resonant frequency substantia]]y 
waveform has substantially..the characte of. a . equal to a harmonic of that of the other of said 
wave of frequency n/o m0dulated bF a Signal. resnaors, .saïd rëdeived electromagnetic wave 
whose frequency is equal fo the difference be-  having a . frequency which differs from said har- 

tween / and n/o. The electron current collected 
by plate 48, and hence appliéd t0 the tuned in-.!5 
termediate frequency system 4! varies nor2 
linearly in response fo these resultant velocity 
variations, se that if yields a net output voltage, 
in the intermediate frequency amplifier input 
circuit, corresponding fo the "demodulation" or 20 
"detection", of the above-described waveform, 
and thus having ifs principal comportent equal 
in frequency to the difference between /o and 
The tuned circuit 4 serres as a filter across 
which appears the intermediate frequency wave, 25 
which may be supplied to an amplifier and 
tector  ,to actuate a .telephone receiver 43 or 
other type o signal utilization device in icon- 
ventional manner. Indicaor,4§. may be utilized 
fo line up and tunethe various stages o.tube 30 
3, using the local oscillations  deriv, ed frm line 
29 for this purpose. 
,In operation, the electron stream leaVing reso- 
nator ,T has current components of frëquencies 
 and o.. The detectm 4], 4 beats these,curr 35 
rents fo produce a difference or.intermediate fre- 
quency which .excites the tuned, circui.t 4! 
actuate the receiver Or utflization dvie 43. 
Accordingly, the single electron discharge des, 
vice 33 simultaneously operates, as a frequency 40 
multiplier, as an added .stage of amplification, 
and as a mixed or, dCectr. thereby prmitting 
relatively simple operation ,in superhelerodyne 
reception, or ,frequency. conversion for waves in 
the microwave region of- the frequency spectrum. 45 
According to a modified arrangement, reso- 
nator 3! is iuned to frequency o, resonator 
is tuned fo frequency L and resonator 3T 
tned either fo frequency So or broadly enough 
to oscillate both at frequency S/o and ai fro- 50 
quency/. In this arrangement, resonators 3 ! and 
3T operate as a frequency multiplier to produce 
a beam current comportent of frequency S/o. 
lesonators 3 and 3T may operate as an ampli- 
fier to produce a beam current component of 55 
frequency /. Thon. the detector produces the 
boat or intermediate frequency, as before: 
Since many changes couldbe ruade in the abo/e 
construction and many apparently widely :dif- 
feront embodiments of this invention Could be 60 
made without departing from the scoPe thereof, 
itis intended that all marrer containd inthe 
above description or shown in the acc'ompanying 
'drawings shall be interpreted as illustrative and 
not in a limiing sense. 65 
What is dlaimedis: 
1. A receiver for high freqdency Waves-comu 
prising means including an electron emitter for 
producing an eleCtron beam, meansfor varying 
the velocity of electrons of said- bam, Said. veloc 70 
ity varying means including a pair of cavity .re- 
sonators having electr0n-prmeable gaPs,' said 
gaps being posiioned te. successively recëive said 
.beam, means.for applying a received wave fo oné 
of said resonators,-means for aPp]Fin a. lal 

monic by an amount equal to said intermediate 
frequenCy, vherebF Said produced intermediate 
frequenCy is: equal fo the difference îrequency of 
sid received Wave frequency and an integrl 
multiple of said local wave frequency. 
4. A receiver for high frequency waves com- 
prising electron dischaçge tube means for form- 
ing an. eiecton, beam, a pair of .cavity resonators 
each having an electron-permeable gap,.said gaps 
being disposed to receive said .eectrnbeam, 
means ïor .supplying a received wave fo one of 
said resonators t0 velocity varytheelectrons of 
said beam at the frequency of said received wave, 
means forï.sqpplyng a 1ocaly generated electro- 
magnçtc.wave to the other of said resonators to 
further.velocity vaïy the electrns ofsaid beam 
at the .frëquency of said ocaI1F generated wave, 
_means f0r.detecing/the velocity variations of 
saidbeam, an d mans for deriving fr0m said de- 
tecting means an output inermediate frequency 
of a value corresponding to the difference be- 
tween said receiçed wave frequncy..and a har- 
monic of said local Wave frequenc,. 
5. Apparatns as in clam 4 Wherein said means 
or Supplying said receved WavCc]Âdes a .cou- 
pling loop. ....... 
" 6 A receiver .for higt frquency.waves coin- 
prising a firt-resonant circuit.hang, a.ïlrst res- 
.onant frequency, a second resonnt, circuit hav 
mg a second resonant frequency differing by a 
predetermined intemediate, frequecy, from 
multiple.of said first resonant .frequency wheréin 
the frequency multiplication factor is an integer 
greater .than one, means for/produing-an-elec- 
tron beam, first electrode means positioned a!ong 
the path of said beam and coupled.to said tiret 
resonant circuit, second electrode means poi- 
tioned along the path of aid beam beyond said 
first electrode means with respect fo said means 
for producing an electron beam and coupled fo 
said second resonant, circuit, whereby said res- 
onant circuits are adapted fo vary the velocity 
of the electrons of said beam, means for apply- 
ing a receiye d wave.of said second-resonant fre- 
quency fo said second resonan circuit, means for 
applying a loca]ly-generated wave of saidfirst res- 
onant frequency fo said first resonant .circuit, 
means for detecting.th.resultant velocity varia- 
tions of said beamand means connected fo said 
detectng means for deriving an output threfrom 
at said predetermined intermedia-te frequency. _ 
7. Apparatus as in'claire 6whereiï.said 
and second resonant circuits are a paiof cavity 
8. A receiver .for .high ïrequency-wavës com 
-prising a first cavity.résonator havihg afirst re- 
sonant frequenc, a.-second Cavity.ronator hv- 
ing a secordresonant-frequency nl having a 
frequencycharaceristic ofa predeterminedband 
width, means .for prodcin n electron beam, 
said resonators befng adapted fo mautaistand- 
ing electromagnetic waves therein and ïoEaving 
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electron-permeable regions arranged fo succes- 
sively receive said electron beam fo successively 
vary the velocity of the electrons of said beam, 
means for coupling a localiy generated wave 
said first resonator, means for coupling a received 
wave fo said second resonator, said predetermined 
banal width including a frequency equal to the 
frequency of said received wave and also includ- 
ing a frequency equal fo a harmonic of said first 
resonant frequency, and means including veloc- 
ity-selective means located in the path of said 
beam for detecting the resultant velocity varia- 
tions of said beam for deriving therefrom an in- 
termediate frequency signal equal fo the differ- 
ence between said harmonic and said received 
wave frequency. 
9. Apparatus as in claire 6 wherein said second 
resonant frequency is a multiple of said first res- 
onant frequency. 
10. Apparatus as in claim 6 wherein said sec- 20 
ond resonant frequency differs from a multiple of 
said flrst resonant ïrequency by an amount equal 
fo said intermediate frequency. 
11. Apparatus as in claire 6 wherein amplify- 
ing means are included, said amplifying means 25 
comprising a cavity resonator having a frequency 
characteristic of said predetermined band width, 
and interposed between said second resonator 
and said detecting means. 
12. A receiver ïor high frequency waves com- 30 
prising means for producing an electron beam; 
flrst, second and third cavity resonators posi- 
tioned in cascade for successive interaction with 
said beam; said resonators each having an elec- 
tron-permeable region disposed along the path of 35 
said beam, said flrst resonator having a selected 
resonant frequency, means for supplying a locally 
generated electromagnetic wave fo said flrst res- 
onator, one of said second and third resonators 
having a ïrequency characteristic of a predeter- 40 
mined bandwidth, means for applying an elec- 
tromagnetic wave having a frequency different 
from the frequency of said locally generated wave 
fo said second resonator, said predetermined 
bandwidth including a frequency equal fo the 45 
frequency of said applied wave and also includ- 
ing a frequency equal fo a harmonic of said se- 
lected resonant frequency, and means for detect- 
ing the resultant velocity variations of said beam, 
whereby an intermediate frequency output may 5O 
be derived from said detecting means. 

13. Apparatus as in claire 12 wherein said sec- 
k ond resonator bas a resonant frequency equal fo 
a harmonic equal fo said flrst resonant frequency, 
said third cavity resonator having said frequency 
5 characteristic of said predetermined bandwidth, 
whereby said first and third resonators function 
as a multiplier and said second and third resona- 
tors function as an amplifier. 
14. Apparatus as in claire 12 wherein both said 
10 second and third cavity resonators bave fie- 
quency characteristics oÏ said predetermined 
bandwidth, whereby said flrst and second cavity 
resonators function as a multiplier and said sec- 
ond and third cavity resonators function as an 
15 amplifier. 
15. A receiver for high frequency waves com- 
prising means for producing an electï'on beam, a 
first cavity resonator having a first resonant fre- 
quency, a second cavity resonator having a sec- 
ond resonant frequency differing from said flrst 
resonant frequency, a third cavity resonator hav- 
ing a third resonant frequency harmonically re- 
lated fo said first resonant frequency, said cavity 
resonators being arranged in cascade for suc- 
cessive interaction with said electï'on beam, 
means for coupling a locally generated wave fo a 
flrst resonator, means for coupling a received 
wave to said second resonator, and means includ- 
ing velocity-selective means located in the path of 
said beam for detecting the resultant velocity 
variations of said beam for deriving .therefrom 
an intermediate frequency signal equal to the 
difference between said third resonant frequency 
and said received wave frequency. 
WILLIAM W. HANSEN. 
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